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Abstract 
This project identifies how UV-C LED technology can be used for medical instrument surface 
sanitation within a portable application. The necessary light intensity, power requirements and general 
portability of such a system were evaluated to design a testable device. With the test results gathered, a 
prototype device was created to show the feasibility of portable solar powered sanitation with UV-C LED 
technology.   
1.0 Introduction 
 
In the healthcare field, there is a necessity to sanitize medical instruments before 
and after use. In areas with modern conveniences like electricity and water utilities, 
advanced sanitization methods such as the use of autoclaves are commonplace in 
healthcare institutions. However, not everywhere in the world has the luxury of having 
access to electricity and water. In many developing countries, healthcare professionals 
find themselves not being able to properly sanitize equipment or obtain sanitized 
equipment. This issue causes many patients run the risk of further sickness or injury 
even though they are getting treatment. 
In order to solve this issue, our team has designed a solar powered sanitization 
device. This device was designed assuming there was no sufficient source of water or 
an available powergrid. With these restriction the device implements UV-C technology 
in order to sanitize various medical instruments and waste. The UV-C LEDs are 
powered by on-board battery packs that are recharged by a solar panel with a tracking 
system. Solar powered sanitation with the use of UV-C LEDs offers a portable, 
lightweight, and low powered option for remote areas and underdeveloped regions to 
obtain needed medical equipment.  
 
 
 
 
2.0 Background 
2.1 Current Sanitation Devices 
Many different types of sanitation devices are used, all used to kill dangerous 
pathogens such as bacteria, viruses, and spores. Autoclaves both using dry heat and 
steam are used to sanitize medical equipment and waste. All autoclave systems work 
by heating the equipment to a certain point for an extended period of time. But, the heat 
and amount of time needed to sanitize equipment can be reduced by using UV-C LEDs. 
These LEDs operate at a certain wavelength allowing them to kill and disable harmful 
pathogens. Although this system will operate by line of sight contact, with a high enough 
UV output, the time needed to sanitize can be significantly reduced. UV-C LEDs provide 
a fast, low powered sanitizing option for portable applications.  
2.1.1 Autoclaves 
For a long time most medical sanitation has been completed by autoclaves. 
There are different types of autoclaves, dry heat as well as steam. Both have different 
variables including temp, pressure, time which are manipulated depending on the type 
of sanitation, what’s being sanitizes and how much is being sanitized (CDC).  
Steam sterilization is a nontoxic and inexpensive option but can also lead to 
corrosion and combustion depending on the sanitized materials (CDC). They work by 
exposing tools and other materials to steam at very high temperatures, about 250 to 
270 degrees fahrenheit, for an extended period of time (CDC). The time needed to 
sanitize depends on the pressure held within the system (CDC). A vacuum and the 
resulting pressure, allow the autoclave to hold hotter temperatures for a longer amount 
of time because hot steam is kept within the system (CDC). Disinfecting with steam is 
done in one of two ways, gravity displacement or high-speed pre-vacuum (CDC).  
A gravity displacement autoclave is a system used often in laboratories, 
pharmaceuticals, medical waste and nonporous articles (CDC). This works by inserting 
hot steam into the top of the chamber, since steam is lighter than air, the air is pushed 
out the bottom of the chamber (CDC). With almost all of the air removed, the hot steam 
is able to fully sanitize the medical equipment (CDC). However, most gravity 
displacement systems cannot fully remove the air which extends the time needed to 
fully sanitize equipment (CDC). It will often take about 45 minutes to sanitize about 10 
pounds of tools and waste (CDC).  
The high-speed pre-vacuum system is similar but uses a pump to create a 
vacuum within the chamber (CDC). This helps speed up sanitization and increase 
penetration power of the steam (CDC). Sanitation time decreases within this system 
because once the air is removed, more hot steam is able to come in contact with the 
equipement (CDC). This is why this type of system is often used to sanitize porous 
materials, the vacuum allows the steam to penetrate into the material’s pores.  
Another autoclave option uses dry heat to burn and oxidize bacteria (Finkiel). 
These systems do not corrode metals as steam will, but they are not used as much 
because of how inefficient the system is (Finkiel). Dry heat is much less effective than 
heat transferred through steam and for this reason it takes much longer to sanitize 
equipment (Finkiel). With a autoclave heated to at least 320 degrees fahrenheit, it can 
take up to 2 hours to fully sanitize the equipment (Finkiel). This measures just when the 
equipment is sanitizing, to heat up the autoclave and cool down after use, the full cycle 
can take up to 10 to 11 hours to complete (Finkiel).  
2.1.2 UV-C Sanitation 
Light is proven to affect microorganisms and depending on the wavelength of the 
light it will have different effects on the organisms (Hessling). Specifically ultraviolet light 
has been tested to kill or disable microorganisms occupying many different types of 
surfaces and liquids. Ultraviolet light has a wavelength within a range of 10 to 400 
nanometers and is divided into three different types of UV light, UV-A, UV-B and UV-C 
(Clordisys).  Only UV-C is used for germicidal applications and operates at with a 
wavelength between 100 and 280 nm (Clordisys). When operating at a specific 
wavelength of 265 nm provides the peak for UV-C LED sanitation (Clordisys). 
 This specific ultraviolet frequency has commonly been used to sanitize water, air, 
as well as high touch surfaces (Connolly). The beginning of UV-C technology applied 
low pressure germicidal lamps in different ways to get rid of microbial problems.  The 
medical field has many applications for UV-C sanitation such as large stand up lamps to 
disinfect high touch surfaces in hospital rooms (Clordisys). Smaller air duct lamps are 
also used in doctor’s offices to sanitize the air going into and out of a room with high 
traffic of sick patients (Connolly). Extensive studies by Harris and Bilenko explore the 
use of UV-C lights to sanitize water (Hessling, Harris, Bilenko). These studies analyze 
how effective the use of UV-C is when sanitizing water as well as determining system 
factors such as flow rate of the water (Hessling). 
 For all of these circumstances, UV-C is able to successfully sanitize because of 
how the UV-C wavelength of 265 nm affects the DNA and RNA of microorganisms. 
UV-C is a form of radiation that affects the structure of DNA and RNA in 
microorganisms causing them to become incapable of functioning properly and 
replicating (Clordisys). This means that bacteria would not be able to replicate to an 
infectious level, therefore it is no longer a threat to spread sickness (Clordisys). Due to 
its radiation properties, UV-C lights are effective against viruses, bacteria, and spores 
(Clordisys). The dosage of UV-C light needed to sanitize for many different viruses, 
bacteria, and spores is shown in Appendix A (Clordisys).  Although the light waves 
themselves do not penetrate organic material very well, the UV-C light is also harmful. 
The National Toxicology Program deems UV-C radiation as “reasonably anticipated to 
be a human carcinogen” (Clordisys). Although dangerous, there have been a lot of 
progress for this technology making sanitation processes more efficient than ever 
before. 
 UV-C sanitation was first implemented using low pressure lamps which often 
used mercury to produce the wavelength needed (Hessling). These systems were 
therefore highly toxic with limited lifetimes (Hessling). This toxicity and inefficiency is 
pushing UV-C light toward LED applications. These LEDs no longer need toxic 
materials to operate and they require no special handling and disposal making them a 
green alternative to the original lamps (Clordisys). LEDs are overall much more versatile 
and electronically predictable. 
 UV-C LEDs allow for much more circuit planning in order to manipulate the 
speed of sanitation as well as the lifetime of the LEDs themselves.  The UV-C LEDs are 
constant current devices which means that the current is proportional to the output 
(Connolly). But, with an increase in current also comes increased in degradation to the 
LED itself and as the LED accumulates more operating hours at higher currents, the 
max output power decreases as shown in the figure below (Connolly). 
 
Figure 1: LED operating time vs Output 
 
 With this information, the lifetime of the LED as well as the desired power output 
can be manipulated to fit the required application. Figure 1 shows just 1000 hours of the 
LED’s lifetime but industry standards require a minimum of 6000 hours to claim lifetime 
abilities like many manufacturers claim (Connolly). 6000 hours is a very long lifespan for 
UV LEDs. Through studies of water sanitation, the LEDs are only operated for about 50 
hours per year (Connolly). This is because to obtain 6 log disinfection for medical 
purposes and high pathogen reduction, the UV-C LED only has to be operated for 30 
seconds, if the output power is high enough (Connolly). 
 This tradeoff between the lifetime of the UV-C LED and the output power can be 
tested and changed depending on the target application. LED emission from the UV-C 
LED can be measured and recorded using a UV spectrometer  then compared to the 
input current (Hessling). Doing this will allow further design of the power system to 
maximize the LED output as well as the lifetime of the LED and the battery power for 
our portable disinfection application. 
2.2 Solar Technology 
This section details solar power and it’s benefits and drawbacks. It provides 
information on the factors that cause power loss such as setup and non-ideal energy 
conversion. Additionally, this section will discuss the theory behind the design of solar 
tracking systems and their benefits and drawbacks. 
2.2.1 Solar Power Potential 
The sun has been used as an energy source throughout human civilization. 
Although modern silicon photovoltaics, which take power directly from light radiation, 
have only been around since the mid 20th century, solar thermal technology or the act 
of focusing the sun's light to produce steam, heat or power has been around since the 
times of Archimedes (Breeze). As a near limitless resource, the sun’s radiation is one of 
the most widely available resources on the planet and can be accessed anywhere on 
the planet, given that the sun is in view. The total solar flux that reaches the Earth’s 
surface is somewhere between 7000 and 8000 times the global primary energy 
consumption. If just 0.1% of this energy was translated into usable energy at an 
efficiency of 10%, four times the global generating capacity of 5000GW would be 
generated (Breeze). This shows the incredible potential of solar powered applications 
around the world.  
2.2.2 Photovoltaics 
Photovoltaics are electrical components that when subjected to solar radiation 
generate a current. Also known as solar cells, photovoltaics are made of various 
semiconductor materials such as silicon, cadmium telluride, gallium arsenide and 
copper indium gallium diselenide (Breeze). Different materials used in solar cells require 
different amount of light energy to produce a current. As light increases in frequency, it 
increases in energy which makes some wavelengths of light not strong enough to be 
absorbed by certain materials (Breeze). In figure 2, there are some example bandwidth 
energies for different materials. 
 
 
 Figure 2: Bandwidth of various semiconductors (Breeze) 
 
As well as differing bandwidths, different semiconductor materials also produce 
different voltages. Using a semiconductor material with a small bandwidth allows more 
wavelengths to be absorbed, however the voltage across the solar cell is related to the 
bandwidth, also resulting in a lower voltage (Breeze). A Silicon cell for example has a 
voltage of 0.6V (Breeze). For most power requirements, this would not suffice. 
However, solar cells are connected in parallel and series in order to achieve necessary 
voltages. This is how solar panels are created which are used for most power 
generation applications. 
2.2.3 Passive Tracking 
In the solar tracking field, there are three main designs which are the passive 
tracker, the active tracker and the open loop tracker. The passive tracker is a design 
that makes use of liquid with a low boiling point which is placed along the east-west axis 
(Sidek). As the sun rises, one side heats up more than the other, heating up the liquid to 
a gas and either increasing pressure on one side of a movement piston or moving to the 
other side of the tracker, moving the panel with pure weight. Passive trackers are known 
to be unreliable as they are dependent on the weather around them, not just the heat 
from the sun. Cloudy days can often cause problems for these types of trackers and can 
make them inaccurate.  
2.2.4 Active Tracking 
Active trackers also run into problems on cloudy days. Active trackers are similar 
to passive trackers in the way that they follow direct sunlight but do it through 
photosensors. Many systems have the photosensors on all four sides of a square panel 
and use a control systems to make sure all photosensors are getting the same amount 
of light. The control system will take the information it gets from the sensors and use it 
to activate one or many actuators to point the panel where it needs to be. This can 
cause power cost issues on cloudy days as direct sunlight can be variable and cause 
the control system to move the panel around to balance the system, wasting energy that 
could be collected.  
2.2.5 Open loop tracking 
Open loop trackers take a different path with solar tracking. Once calibrated, 
open loop trackers make use of a database that the controller itself either creates or is 
downloaded to the controller. This database contains the direction of the sun and it’s 
path related to the panel’s location and points the panel along the downloaded path. 
Although this design does not actually sense where the sun is, it does not run into the 
same issues caused by non-ideal weather that the active and passive methods do.  
The position of the sun can in relation to a panel can be described with the use of 
two angles, the altitude and the azimuth. The Altitude is the angle between the horizon 
and the sun itself while the Azimuth is the angle from true north to where the altitude 
was taken from. This can be seen in figure​ ​3 (Sidek).  
 
 
Figure 3: Depiction of the Altitude and Azimuth Angles 
 
With the use of GPS coordinates, the time of day and the date, the sun’s location 
can be determined with the use of the following equations (“The Sun as a Source of 
Energy”). First, the declination angle must be calculated. This angle takes an input n 
which is also known as the day number where n is equal to 1 on the first of January. 
 
eclination Angle δ 3.45( )sin[2π( )]D = 2 π180 36.25
284 + n  
(Eq. 1) 
 
The next quantity needed is the hour angle which can be calculated using theω)(  
result from the declination angle  and the latitude  of the solar panel. This can beδ)( φ)(  
calculated by the following(“The Sun as a Source of Energy”). 
 
os(ω) an(φ)tan(δ)c =  − t  
(Eq. 2) 
 
our Angle ω cos (− an(φ)tan(δ))H =  −1 t  
(Eq. 3) 
 
With these quantities, the Azimuth  and Altitude  angles can then finallyAz)( α)(  
be computed as follows (“The Sun as a Source of Energy”). 
 
in(α) sin(δ)sin(φ) cos(δ)cos(ω)cos(φ)s =  +   
(Eq. 4) 
 
ltitude Angle α sin (sin(δ)sin(φ) cos(δ)cos(ω)cos(φ))A =  −1 +   
(Eq. 5) 
 
in(Az) in(ω)cos(δ)s =  − s  
(Eq. 6) 
 
zimuth Angle Az sin (− in(ω)cos(δ))A =  −1 s  
(Eq. 7) 
 
With the use of both the Azimuth and Altitude angles either computed or stored, a viable 
control system could point a solar panel in the direction of the sun. 
2.2.6 Rotating Axis Tracking 
In the world of solar tracking, there are a few types solar tracker axis types. They 
are mainly categorized into three main groups as fixed-axis, single-axis and dual-axis 
trackers. Both types of tracking options use a mechanical operation such as a stepper 
motor or passive option in order to point a panel as close to perpendicular to direct 
sunlight.  
Fixed-axis trackers are in reality not trackers at all. A fixed-axis system is a solar 
panel without mechanical assistance and has a solar panel that does not move 
throughout the entire day. Some fixed axis panel designs are tilted to the north or south 
at installation to absorb more energy but often are also parallel with the ground. 
Single-axis trackers are used to follow the path of the sun along one axis from 
east to west (“​Solar Flexrack”)​. The most common design is the use of a single stepper 
motor placed at either the end of a horizontal rotating rod or at the base of the panel 
providing a possible change from 0 to 180 degrees in panel rotation. This type of tracker 
has been found in studies to improve the power gained from a solar panel in 
comparison to a fixed-axis design. A single-axis setup also only takes one stepper 
motor to operate which is less costly in means of energy used. 
Dual-axis trackers also follow the sun from east to west but have a second 
degree of rotation that allows for tracking along the north-south axis (“​Solar Flexrack”)​. 
This allows the panel to be positioned in direct sunlight in more locations and scenarios 
than that of a single or fixed axis system. Because of this, the dual-axis system 
performs better when it comes to energy absorbed (“​Solar Flexrack”)​. However, this 
design also often takes the use of two motors which can be power costly on a solar 
system that does not have guaranteed sunlight every day. 
 
2.3 Control Systems 
This section details control systems, specifically using the Arduino family of 
products in order to implement sensing and control capabilities. Our sanitizer will require 
a control system for a solar tracking system as well as numerous sensors and timers for 
the sanitization operation. 
2.3.1 Arduino 
Arduino is an open-source electronics platform that makes use of a number of 
different easy to use microcontroller boards. Arduino was originally developed as a way 
to prototype new electronics and software design at the Ivrea Interaction Design 
institute (Arduino). Since then, Arduino has been grown by it’s open source users with 
code sharing and design sharing over the internet. Arduino boards are also offered at 
relatively low prices on their website, with many of their boards selling for around twenty 
to thirty US dollars (Arduino).  
One of the reasons the Arduino family of products has been so successful has 
been it’s programming language. As well as the previously mentioned vast library of 
user created code at the disposal of anyone with an internet connection, Arduino’s 
language is relatively simple to use. Using a structure nearly identical to C++, Arduino 
users with basic coding knowledge will find the language easy to pick up. The language 
also has variables and functions that are pre programmed to map directly to jumper pins 
and I/O ports (Arduino). This makes interfacing software with hardware very easy and 
not code intensive.  
This easy interfacing capability becomes another benefit with the Arduino system 
when the open source ideology comes back into play. Being able to easily interface with 
I/O allows user created boards and other arduino compatible boards to be connected 
together. Making the Arduino ideal for design projects with a number of different 
hardware pieces. Because of this, a number of companies who already produce sensor 
boards or motor controllers have adopted the Arduino interface and it is easy to find I/O 
for nearly any application. This makes the Arduino a viable choice for new design 
projects. 
 
 
 
 
 
 
 
 
 
 
 
 
 
3.0 Methodology 
Throughout designing and testing of this system, there are many issue that were 
faced and solved through evaluation and correction based on the problems which 
arose. The final engineering prototype became a tube case with rows of UV-C LEDs 
spaced out by 120 degrees around the sanitation chamber. Analysis of the spacing and 
height of LEDs as well as how the system will be powered is analyzed and explained 
throughout this section.  
3.1 LED Design 
The LEDs which are being used for this UV-C sanitizer are 3 mm by 3 mm UV-C 
LEDs with a 105 degree viewing angle.. To start implementation and testing we needed 
to design a housing in which we can power the LED as well as dissipating the heat 
which is created. This includes mounting the LEDs and designing a heat sink which will 
mount properly to the LED. 
3.1.1 LED Hardware  
The UV-C LEDs have three contacts which had to be accounted for, the positive, 
negative, and thermal pad which is in the middle. This thermal pad is where a heatsink 
can be soldered or attached with thermal paste. Due to time restraints, we were unable 
to design PCB boards for the LEDs to be mounted on. Instead we had to use premade 
PDB boards and manipulate them in a way which the LEDs could be soldered on two 
different rails which can be used as the positive and negative power rails. From there 
we looked to design a heat sink which was small enough and had good connection with 
LED.  
The first heatsink which was used was a small strip of copper tape that went 
between the positive and negative rails and acted as a third contact that we could 
manipulate the size of. The UV-C LED was then soldered to all three contacts and 
tested. When powered on in this configuration, the LED got much too hot to touch and 
handle within 10 seconds. Due to this we realized that we had to implement a larger 
heatsink. 
To create a larger heatsink we used copper strips because copper is good to 
conduct and absorb a lot of the heat transmitted from the LEDs. For the two 
components, the copper strip and the PCB board, to fit together they had to be shaped 
such that the copper strip fit through the PCB board. Using a dremel with different 
attachments, the copper strip was shaped so one end was the correct size to fit the 
thermal contact of the LED, and the PCB was shaped such that the copper strip fit 
through in the correct location for the LED. Once shaped and testing the fit of all the 
components, we had to solder together the PDB board, heatsink and LED. However, 
when soldering the heat sink there was never a good enough connection to the LED for 
the heatsink to stay connected.  
This is believed to be because of two factors, either the heat sink was not smooth 
enough or that when soldering the heat sink was not at a high enough temperature to 
connect to the solder correctly. In the case that we did solder the heatsink to the LED, it 
was a weak bond and each time the LED was turned on and heat was created,  the 
heatsink broke from the LED. This problem means that we had to secure the heatsink in 
a different manor. The other option which we decided upon was a connection using 
thermal paste between the heatsink and LED and anchoring the heatsink to the PCB 
using wire. This was done by drilling a hole in the heatsink and feeding a wire from the 
PCB board and through the heatsink and soldering the wire to each surface. This 
secured the the heatsink firmly to the LED and allowed for further LED testing. 
With the new heatsink, the LED was tested to determine the thermal reliability of 
the new heatsink system. The testing looked to analyze whether we had the proper 
sized heat sink and if the temperature got too high. We did this by turning the LED on 
for different lengths of time and determining the temperature along the length of the 
heatsink throughout the time period. This test showed that the new heat sink dissipate 
the heat along its entire length and stayed within a reasonable heat range for the LED. 
With the addition of a small MOSFET heat sink at the end of the copper strip we have 
plenty of mass to absorb the heat from the LED and surface area to radiate the heat out 
of the system.  
3.2 LED Placement: Resulting Intensity and Time 
The placement of LEDs within the sanitation chamber depends on both how far 
the LED is from the object as well as the spacing between the LEDs. As the LED moves 
away from the target, the intensity of the resulting UV-C light decreases. Also, 
depending on the space between LEDs, both linear and angular, the intensity of the 
UV-C light may change due to the overlapping of LED viewing ranges. These two 
factors and the resulting UV-C intensity determines the length of time which the desired 
object must be exposed to UV-C lights.  
All tests and evaluations of the LEDs were completed using UV-C LEDs which do 
not have the correct specifications. This means that the LEDs may not have the correct 
power output. For this reason, all LED power measurements were normalized, recorded 
and used to calculate the correct power intensities based on the company’s power 
output specifications for the LEDs.  
3.2.1 LED Height 
The intensity of the UV-C power is inversely proportional to the distance between 
the LED and the target object, as the LED moves away from the object the intensity 
decreases. This characteristic is shown in the figure below from a range of 1 cm from 
the object to 10cm.  
 
 Figure 4: Normalized Output by Distance 
By this graph, it is shown that the LED has an exponentially decaying curve when 
moving away from the target object. When we combine this LED characteristic with the 
expected power ratings of the UV-C LEDs we get the graph shown below. 
 
Figure 5: Range of Power by LED Height  
This figure shows the range from minimum to maximum power output at each 
distance from the target object. The minimum intensity shown in blue, starts at the rated 
minimum power output of 15mW and decreases as the intensity decreases with 
distance. Maximum power output is also shown in orange starting at 30mW and 
continuing to decrease from there with movement away from the object.  
3.2.2 Linear Distance Between LEDs 
Next, we evaluated the effect of the spacing between LEDs on the intensity of the 
LED output power. This analysis was necessary because depending on how much the 
viewing angles of adjacent LEDs overlap the output intensity may change. The output 
intensity based on viewing and and height of the LED is shown in the below figure.  
 
Figure 6: LED Intensity by Height and Viewing Angle 
With the change in intensity based on viewing angle we can evaluate the 
distance between each LED based on the desired LED output intensities, 20%, 50%, 
and 80%. The results of this analysis is shown in the below. 
 
Figure 7: Intensity due to LED Spacing 
This analysis above compares the required distance between the LEDs based on 
the LED distance away from the object and the desired LED intensity. The analysis was 
completed by overlapping the intensities at different LED viewing angles and calculating 
the distance between the viewing angles. As shown above, as the desired intensity 
increases, the distance between the LEDs decrease, shown by the comparison 
between the blue, orange, and grey curves. Using this relationship we will be able to 
design our system by choosing the desired intensity and the distance between LEDs 
within our system.  
 
3.2.3 Time Required Based on Size of the Sanitation Region  
With the analysis on the height and spacing of LEDs we can then determine the 
time required to sanitize objects based on the size and design of our system. If we 
assume that we want a 5cm of space in our sanitation range we first need to figure out 
which viewing angle at each LED height that supplies that amount of room. This 
calculation is shown in the figure below which compares the distance between the 
viewing angles depending on the height of the LED. The green values are the ones that 
provide 5cm or more for our sanitation region.  
 
Figure 8: Desired Viewing Angle by Viewing Degree and LED Height 
With the desired sanitation range calculated we can then match the desired 
values to the LED intensity at the same viewing angles and LED height. This is shown 
by transferring the desired region to the comparison between the viewing angle and the 
LED intensity shown below. As shown in figure 9, the viewing angles which will give the 
greatest LED height and highest LED intensity is at the left end of each green row. We 
can see that there are almost no intensities above 20%. This means that on the outer 
edge of each row, there will be an LED intensity of 20% or less. By this, we are going to 
design our system around the 20% intensity curve in Figure 7 to determine the height 
and spacing of LEDs. 
 
Figure 9: LED Intensity by Viewing Angle and LED Height 
Based on the required length of out container we have three LEDs in a row at 
about 5.5 cm apart. Using the 20% intensity curve in figure 7, in blue, we can then 
determine how high the LED has to be away from the target object to provide optimal 
sanitization. At 5.5 cm apart, the LEDs have to be about 5 cm away from the object to 
have 20% intensity between the LEDs. Since this calculation in figure 7, does not 
account for the outside edge of the row we have to calculate the sanitation time based 
on the lesser value between figure 7 or figure 9 based on the height of the LED in each 
chart. For a 5cm height, we are evaluating between 12% and 20% intensity. We then 
have to evaluate the time required to sanitize based on the smallest intensity within the 
sanitation region so the entire sanitation region is completely covered. This analysis and 
calculation is completed by first taking the max required UV output of 330 mW, as 
shown in Appendix A, which will kill all bacteria listed. Also, knowing the maximum and 
minimum power output of the UV-C LED, 30mW and 15mW respectively, shown in 
Appendix B we can then calculate the time required to sanitize. We do this by taking the 
lowest intensity percentage within the sanitation region and multiple it with the specified 
LED output. Also with the knowledge of the relationship 1W = 1J/s we can then 
calculate how long it takes by the equation, time = 330 [mJ/cm] / (LED intensity) [mJ/s]. 
This gives the seconds needed and using this equation to determine the time at each 
height from the object we obtain the results shown below.  
 
Figure 10: Time to Sanitize by LED Height 
Since our design called for a 5cm LED height, the length of sanitation ranges 
from about 88 to 177 seconds. This range is a one which can be managed by the LED 
and heatsink system. If the time period becomes a lot longer than this the LED has the 
possibility of becoming overheated and breaking. Also, if we want to decrease the time 
which it takes to sanitize, we have to decrease the LED height and therefore by Figure 
7, increase the distance between the LEDs.  
3.2.4 Angular LED Placement 
Similar to how the linear distance between LEDs effects the overlapping 
intensity, the angular spacing of the UVC-LEDs around a cylindrical sanitation chamber 
also effects the UV intensity at angular points on the target object between LEDs. This 
analysis was completed by creating a test chamber along with the use of a UV sensor. 
The test chamber was configured with LEDs and the UV sensor hanging in the center of 
the chamber. The UV LEDs were set to a specific distance from the center of the 
chamber. With this distance, we also know the intensity of the LED and can compare 
this intensity to the normalized power distribution angularly around the object being 
sanitized. The UV-C sensor used was hung from a rotating lid in the center of the 
chamber and directly in front of an LED. The lid was labeled for to show a rotational 
displacement of 60 degrees in each direction so the sensor may be turned to determine 
the UV intensity at angular spots around the device being sanitized. 
The results from this test are shown in the figure below. Intensities angularly 
around the device are symmetrical, centered at zero degrees.  
 
 
Figure 11: LED Intensity by Angle Orientation 
 
As shown, the UV intensity diminishes as the sensor turns away from the LED. 
With this information we can tell the intensity at the target device in between the LEDs 
due to the overlapping of UV radiation. For example, if the spacing of the LEDs is 120 
degrees around the sanitation chamber, there is little to no overlap in the intensity of the 
LEDs. Meaning, at 120 degrees between LEDs the lowest intensity becomes just under 
about 2.5 percent of the LED output. With two LEDs emitting radiation at that point, the 
resulting LED intensity becomes 5 percent of the LEDs output. This means, depending 
on the angular spacing of the LEDs, the time required to fully sanitize the device will 
change accordingly. 
3.2.5 Time Requirement Due to LED Angular Orientation 
With 120 degrees between each LED around a cylindrical chamber, the weakest 
area of UV radiation on the target object is at and angle of 60 degrees from the LED 
itself, directly between the two LEDs. The two LEDs therefore contribute to the radiation 
at that point and due to figure 11, the intensity at that point is just 5 percent of the LED’s 
full intensity. Since this is spot that will get the least amount of radiation we can 
calculate the time to sanitize using this point, to ensure all parts of the device are 
sanitized.  
The resulting amount of time needed to sanitize due to this reduced intensity is 
shown in the figure below. 
 Figure 12: Time to Sanitize due to Angular Intensity - 120 LED Spacing 
 
As shown in the above figure, the required time to sanitize greatly increases. At 5 
cm the range of time needed to sanitize becomes from about 1765s to 3530s. 
Compared to the past time analysis due to the linear spacing of the LEDs this 
significantly increased the time to sanitize from a max of about 3 minutes to about an 
hour. This makes the power storage requirements much harder to obtain and will 
inevitably decrease the amount of times the system can be used due to increased 
energy consumption.  
This can be fixed by bringing the LEDs closer together both linearly and 
angularly. For example, if instead of three rows of LEDs and there were 4 rows, the 
LEDs would be spaced 90 degrees apart. Because of this the angular intensity of the 
LEDs will overlap increasing the LED intensity at the weakest point and therefore 
decreasing the time to sanitize. The point on the target object which is directly between 
the LEDs becomes 45 degrees from the LED itself. Therefore, the weakest point of 
sanitation from 1 LED is 7.5 percent, and due to the 2 LEDs overlapping that intensity at 
the weakest point becomes 15 percent of the LEDs total intensity. The new time 
required to sanitize is shown in the figure below.  
 
Figure 13: Time to Sanitize due to Angular Intensity - 90 LED Spacing 
 
This greatly decreases the required time to sanitize due to the angular 
overlapping of the UV-C LED radiation. At 5 cm away from the target object the required 
time to sanitize is within the range of 588s to 1176s. This decreases the max time 
needed to sanitize to about 20 minutes. This is a large improvement from the max time 
with only three rows of LEDs but with the addition of the fourth row comes an increase 
in the required power to support the increased number in LEDs. This is a tradeoff which 
must be decided upon depending what the specific goals of the device are, a 
high-speed device or something which is smaller and more portable, because with 
increased power requirements the equipment needed to run that system becomes 
slightly bigger and less portable.  
3.3 Power System Design Requirements 
In the design of the device, there are a number of different subsystems that need 
access to power. Although the sanitization chamber is of utmost concern when 
designing the power system, there are other equally important operations that must be 
assessed.  
 
3.3.1 Sanitization Chamber Power Requirements 
In the design of the sanitization chamber, the parts that consume power are the 
UV-C LEDs. The UV-C LEDs are the GD Klaran parts from Crystal IS. From the 
datasheet, it was found that the parts ran on 8.45V and 350mA during typical use. From 
this, the following power calculation could be performed for a singular device.  
 
P(single LED) = V*I = 2.9575W 
(EQ. 8) 
 
As can be seen from above, the LEDs tend to run off of around 3W as single 
units. However, it was decided that 10 LEDs would be used for the chamber. In the 
chamber design, the architecture of how the LEDs are connected together whether in 
series, parallel or both effects the power budget in different ways.  
When the LEDs are all implemented in series, each of the LEDs requires 8.45V 
and since they are in series require 84.5V. 84.5V is was too high of a voltage to expect 
from a portable solution for a sanitizer. This realization pushes the design to a parallel 
connection implementation as shown in the figure below. 
 
 
 
Figure 13: LED Connection Schematic 
 
Connecting the devices in parallel allows for the implementation of a minimum 
voltage of 8.45 volts which can easily be provided by a solar charged system. Although 
the low voltage requirement allows for system portability, the design ends up draining 
power through a high current requirement. As all the LEDs are in parallel, the theoretical 
max currents can be added up to ten times 350mA or 3.5A.  
 
P(10 LEDs in Parallel) = V*(3.5A) = 29.575W  
(EQ. 9) 
 
As can be seen above, the sanitization chamber requires almost 30W to operate 
properly if max current is pulled through the system. Although this can be seen as a 
problem, the parallel architecture was still chosen for the system. This design was 
chosen because of the important of maintaining the portability of the overall system as 
well as theoretically only needing to run the chamber in short intervals. This architecture 
allows for less battery weight in the overall design, improving the general carry ability.  
 
3.3.2 Arduino Control Power Requirements 
The Arduino Uno has a number of different options for power. The first is using 
the USB connection to power the board. Through this option, there is a 500mA fuse 
which limits the total power to 2.5W at 5V. However, this requires using a USB 
connection and eliminates the ability to use an outside DC power supply.  
When using an outside DC power supply through its respective connector, the 
Arduino board can handle anywhere between 6 and 20 VDC. However, the Arduino 
recommended input voltage is between 7 and 12V to prevent the board from becoming 
unstable or the voltage regulator overheating respectively. With this in mind, it would be 
ideal to run the Arduino off of the same 8.45V source that the LEDs require. With a max 
current pull of around 800mA, the Arduino would at absolute most, require 6.76W. 
However, the Arduino will only be operating with a few of the many I/O pins, drastically 
reducing the used power from the maximum. Below is how the Arduino will be 
implemented in our design. 
 
 
Figure 14: Arduino Control System Power Schematic 
 
As can be seen above, the Arduino will run off of the same voltage source as the 
LEDs. The Arduino will also be controlling the LEDs through applying a voltage to a 
transistor. Along with controlling the LEDs, the Arduino will interface with a number of 
switches and a LED display. 
 
 
 
 
3.3.3 Battery Requirements 
In order to supply enough power to the device, batteries with sufficient capacity 
are a necessity. In choosing the batteries, this maximum current needed is used in the 
following calculation to tell how long the batteries will last. 
 
Time (hrs) = capacity rating (mAh) / maximum current (mA) 
(EQ. 10) 
 
The capacity of a battery is often recorded in mAh which is milliamp hours. This 
measurement describes how many mA can be pulled from the battery to empty it in an 
hour. With this measurement, batteries of multiple capacities can be chosen from given 
knowledge of the maximum current the system will pull. From adding up the currents for 
the sanitization chamber and the Arduino, it can be seen that at a maximum, the system 
will pull around 4.3A or 4300mA and at a minimum around 800mA. 
The batteries chosen for this project were 12VDC and rated at 6000mAh. For this 
application, two batteries were combined in parallel for a total capacity of 12000mAh. 
Using the equation above, the following table was completed for using one battery or 
two and how long they would last on minimum and maximum current pull. 
 
 
 
 
# of 6000mAh Batteries Imax = 4.3A = 4300mA Imin = 0.8A = 800mA 
1 1.39 hours or 83.7 minutes 7.5hrs or 450 minutes 
2 2.79 hours or 167.4 minutes 15hrs or 900 minutes 
 
Figure 15: Battery Capacity Calculations 
 
With these calculations, the single 6000mAh battery was considered sufficient for 
the design. With a rated battery capacity time of 83.7 minutes at consistent max power 
use and a rated battery capacity time of 450 minutes at minimum power use, the battery 
is sufficient for multiple quick uses as was designed. As previously mentioned, cutting 
weight for the sake of portability is important in our design. Therefore, the single battery 
option was determined to be the most effective for our design goals. 
 
3.3.4 DC-DC Converters 
In order to transform the chosen battery voltage to voltage that is usable by the 
LEDs and Arduino, two DC-DC converters were chosen. The converters chosen were 
variable input/output converters with input contacts, output contacts and a dial to vary 
the output voltage. The battery power is applied to each of the converters in parallel, 
resulting in 8.5V to the LED array and 5V to the arduino. This product is made by HJ 
Garden and can handle the current and voltage requirements of our design. 
3.4 Solar Panel Requirements and Configurations 
In this section, the topic of solar panel choice and configurations will be 
discussed. Factors such as portability, time to charge and more will be compared 
against our design requirements to choose a Panel of desired characteristics. 
 
3.4.1 Solar Panel Power Requirements 
When investigating the power requirements of the solar panel, there are a 
number of factors in panel choice. With a battery capacity chosen from the previous 
section of around 12000mAh, a time to charge can then be calculated. However, these 
calculations are based around charging the batteries to 100% which is not always 
recommended.  
 
T(time to charge) =(Battery Capacity (mAh) X Battery Voltage (V)) / Solar Panel Power (W)  
(EQ. 11) 
 
As can be seen above, the time to charge in hours can then be calculated in 
regards to the listed solar panel and battery specifications. Below is a table that takes 
this equation and generates a time to charge for a number of different solar panel 
wattages.  
 
 
Panel 
Power 
(W): 
 
10 
 
15 
 
20 
 
25 
 
30 
 
35 
 
40 
Time to 
Charge 
(hrs): 
 
7.20 
 
4.80 
 
3.60 
 
2.88 
 
 
2.40 
 
2.06 
 
1.80 
Figure 16: Time to charge for solar panel power ratings 
 
As can be seen above, it would take a 20W solar panel 3.60 hours to charge the 
device to full capacity. This panel was chosen as a good middle ground choice for the 
design. Along with this, the panel would also be able to easily charge the batteries 
during the day, even allowing for a number of uses while charging. 
 
3.4.2 Solar Panel Configuration 
For this design, the solar panel has a number of different configuration types. As 
mentioned previously, solar panel performance can be improved by the use of solar 
panel tracking systems. However, most systems tend to be bulky and power intensive, 
questioning the practical use of a solar panel tracking system on a small design like this. 
Because of the overall portability challenge that is presented by the needs of the 
project, a stationary panel that is placed 90 degrees straight upwards was decided on.  
 
 
3.5 Arduino Control System 
The Arduino Control System is what brings the whole project together. The 
control system peripherals consist of two buttons and an indicator LED. The first button 
is not connected to the Arduino at all. This button is the power button and is wired 
across the battery power. This button is included to save power and to not have the 
device constantly draining saved battery capacity.  
The second button is wired to the Arduino through digital pin 5. This pin is read in 
the code and assigned to a bool variable named chamberonoff. If this variable is LOW, 
i.e. the button is pushed in, the Arduino will push digital pin 7 to HIGH, applying 5V to 
the gate of the LED control MOSFET. This turns on the LED array. If the variable is read 
as HIGH, the Arduino will pull digital pin 7 to LOW, closing the transistor and turning the 
LEDs off. These actions can be seen below in the following chart. 
 
 
 
Figure 17: Arduino Transistor Control 
 
The final peripheral in the control system is the indicator LED. The indicator LED 
is used to show the user what state the system is in. The system has four states and 
four different colors on the indicator LED for each. The first state is the “ready” state. 
This state is when the chamber is prepped and ready for a sanitization cycle. If the user 
presses the second button during this state, the upper branch of the previous figure 
executes. This causes the LED to turn red which is acknowledging the beginning of the 
“sanitation” state. This state is when the UV-C array is on and sanitizing the devices. 
After the cycle time completes, the light then switches to a yellow/white color which 
denotes the beginning of the “cooldown” state. This state is important to give the system 
time to cool down before the next use. During this time, the second button will not turn 
the LEDs back on. Once the cooldown delay is complete, the Arduino will either switch 
back to the “ready” state or switch to the “hold” state which is indicated by a blue light. 
This state is included to prevent the system from starting again immediately if the button 
was left in the on position. Once the button is returned to the off position, the state will 
change back to the “ready” state and be ready for the next cycle. The following table 
describes each system state. 
 
Figure 18: System state descriptions 
 
With the implementation of these states, the Arduino serves to make the device 
user operable and simple for anyone to use. The entirety of the Arduino code used can 
be found in appendix B. 
3.5 Case Design 
3.5.1 Sanitation Chamber  
To decide the size of the sanitation chamber we must first analyze how portable 
we want 
the device to be. For this design we envisioned a device that was similar in size to a 
small backpack, making it very portable.  This means, we wanted a cylindrical chamber 
that was about 1 foot long or 30.5 cm. Due to this size, with about 4 cm of dead space 
at each end, we had to divide our LEDs evenly within the remaining 22 cm. For this 
project we have 10 UV-C LEDs, so we decided to place them in three rows of 3 LEDs, 
each row spaced 120 degrees apart around the cylindrical chamber. With one LED 
centered in the middle of the chamber the other two were placed evenly between the 
center LED and the end of the sanitation region giving 5.5 cm between each LED.  
From this knowledge we then had to decide the size of the cylinder. Assuming 
the object being sanitized will be on a small shelf directly in the middle of the tube, we 
could determine the distance between the LEDs and object using our analysis in 
Section 3.2.1. In Figure 7 it can be seen that when the distance between the LEDs is at 
5.5 cm, the required height from the object must be no higher than 5.5 cm.  With this we 
know that the diameter of the chamber has to be about 11 cm across. What we decided 
upon is a 4 inch or 10.16 cm tube.  
Next we looked into securing the LEDs to the chamber itself. We did this by 
drilling holes through the tube itself and using a dremel to create pockets on the outside 
of the chamber for the LEDs and PCB board they are connected to. These pockets 
allowed for accurate placement of the LEDs as well as making it so only the LEDs 
protrude into the chamber. From here we designed a cradle what can hold this tube and 
protect all the component of the LED and power systems. Shown in the figure below is 
the Sanitation chamber. 
 Figure 19: Open Sanitation Chamber  
3.5.2 Sanitation Chamber Cradle 
To protect the chamber and the LED hardware attached to the tube we created a 
wooden cradle.  This cradle provides at a minimum about 2 inches of space which 
protects the protruding LED heatsinks. This cradle became about 12 inches tall, 8 
inches wide, and about 11 inches long. The 12 inch height of the cradle gave the top 
and bottom of the tube about 3.5 inches of space while the width of 8 inches allowed for 
2 inches of space on the sides.  
 Figure 20: Sanitation Chamber Cradle - Front View 
 
 
 
  
4.0 Conclusions  
4.1 Effectiveness of Sanitization  
 
Using UV-C LEDs to sanitize equipment is feasible as long as the correct design 
is implemented. As explained in Section 3, the speed of sanitation can be decreased by 
adding LEDs, making them closer together both linearly and angularly. When the LEDs 
are placed in a proper orientation to allow for full sanitation coverage the target object is 
able to become sanitized in a certain length of time. This system however may 
encounter some problems. 
Within the chamber, the device will be sitting on a wire shelf which holds it in the 
center of the sanitation chamber. The points of the device which are covered by the 
shelf with not be sanitized. This then requires sanitizing the device moving it so the 
hidden portions are visible then complete the sanitation process for a second time. This 
problem inevitably can double your sanitation time unless another system such as a 
motor powered rotation system is implemented or there are materials created which are 
clear and do not degrade or refract the power intensity of the LED.  
4.2 Power Feasibility 
When it comes to the feasibility of the product in terms of power, our design on 
average has a 30 minute run time. When compared to the 6000mAh batteries chosen 
for this design, the product can run continuously for approximately 84 minutes. When 
the 30 minute run time is chosen, the product can only run for two complete cycles. This 
shows the problems within the current design rest on the current LED technology. As 
previously mentioned, another way to improve the time of each cycle would be to add 
more LEDS, but this also increases the cost and power demand for the total device. As 
the device does operate in its current state, the design could be improved upon with 
further evolution of UV-C technology. 
4.3 Portability 
 
When referring back to our original project goals, portability was of major 
concern. We found that the test design we created was easily carryable and small in 
size. This design can be carried with one hand. The solar panel is also separate from 
the case, having the ability to be carried separately also by one hand. The separability 
of the overall design and low weight of each object allows for simple movement of the 
parts and reassembly at the site of use. The following figure shows the test design that 
was created. 
 
 
 
Figure 21: Test Design Build of Chamber Box 
 
 
 
Figure 22: Device with Solar Panel 
 
  
4.4 Cost/Unit and Marketability 
 
When constructing this product, the following table shows an approximate cost 
per item. This list was generated from building the test design as well as speaking with 
LED manufacturers for healthcare grade LED costs.  
 
 
PART DESCRIPTION COST/ITEM # OF ITEMS TOTAL COST 
Solar Panel Power Controller $16.00 1 $16.00 
12V Batteries $30.00 1 $30.00 
20W Solar Panel $35.00 1 $35.00 
DC-DC Converter $7.00 2 $14.00 
IRLB8721 MOSFET $0.85 1 $0.85 
CIS265-35R-SMGD-M (LEDS) $62.10 9 $558.90 
Arduino Uno $20.00 1 $20.00 
Addressable RGB LED $1.50 1 $1.50 
Clip-on Heatsinks $1.00 9 $9.00 
PVC Pipe $8.00 1 $8.00 
Pipe End Caps $2.35 2 $4.70 
Misc Wire / Material $20.00 xxx $20.00 
Total Cost / Item   $759.05 
 
Figure 23: Cost per Unit 
 
As can be seen above, the cost per unit is estimated at around $760 dollars. 
About 74% of the total cost is shown to come from only the LEDs. When it comes to 
price, a manufactured device with these parts would run high in cost. This makes the 
affordability of the device difficult for small and remote health centers. For the device to 
be able to reach remote health programs as designed, the cost of UV-C technology has 
to become more affordable.  
5.0 Recommendations 
5.1 Heat Dispersion 
 
During testing, it was found that the UV-C LEDs output a large amount of heat 
during extended use. The use of a cooldown period after each use would be beneficial 
to the product’s longevity and effectiveness. With the use of the on board arduino, the 
system could be coded to prevent the chamber from activating for a certain amount of 
time. This code would be enabled after every use to prevent the user from damaging 
the product from overuse.  
During this cooldown time, the arduino could also turn on a set of fans that 
moves air from the outside across each row of heatsinks. To assist in the cooldown 
process, ventilation could be incorporated into the case design, making it easy for the 
fans to create continuous airflow across the heatsinks. As well as effective airflow and 
ventilation, the heat sinks used on this product should be made specifically for this 
application. 
In the current design, the heatsinks are there to prevent malfunction during 
controlled testing of the test system. The newly designed heatsinks should be 
multi-fanned to increase its surface area and mass while minimizing the space the 
chamber takes up. As will be discussed in the next section, the heatsink design must 
also incorporate the ability to be mounted to the heat pad on the LED. 
 
5.2 LED PCB Boards 
 
As the PCB boards used in our test design were made from general test boards, 
the final design must allow for a number of characteristics. As shown below in Figure 22 
from the LED datasheet, the LEDs used have three separate pads on their reverse side. 
These pads are the positive contact, the negative contact and a heat pad which is to be 
connected to a heatsink.  
 
 
Figure 24: LED Electrical Contacts Diagram 
(Appendix B) 
 
As the LEDs are small, the mountability of the LEDs is the first characteristic required. 
As the contacts are small and close together, the positive and negative contacts must have 
small enough PCB-side connections that extend off into wire connections. The PCB board must 
also have space for a heatsink connection as talked about in the previous section. This 
connection must either be a conductive strip that goes all the way through the board or an 
empty space over the heat pad to feed the desired heatsink through. Finally, the PCB board 
must be easily mountable. Two holes on either side of the board would be optimal for secure 
mounting points to the chamber. These could be matched with pre milled mounting spots on the 
chamber to allow for ease of assembly and maintenance. The following pair of figures depicts 
the LED measurements and a visualization of what the desired PCB board would look like 
following the LED pad measurements. 
 
Figure 25: Recommended PCB board design and LED contact pad measurements (a-b) 
(From Appendix B) 
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Appendix 
Appendix A - Ultraviolet Light Exposure Dosage 
The degree of inactivation by ultraviolet radiation is directly related to the UV dose applied. The 
UV dose is the product of UV intensity [I] (expressed as energy per unit surface area) and 
exposure time [T]. Therefore: DOSE = I x T 
 
  
  
 
 
 
 
 
 
 
 
  
Appendix B - LED Specifications 
 
 
  
  
 
  
  
   
Appendix C - Arduino Control System Code 
 
/* 
 * Solar Powered Instrument Sanitization Device - MQP 
 * Written by: Ryan Kent 
 *  
 * Description: 
 * The following code is used to run a sanitization chamber system for medical instruments. 
 * The system has a few connected peripheral devices such as: 
 * 1 Button, 1 LED and 1 MOSFET Transistor. 
 */ 
 
/* LED setup */ 
#include <Adafruit_NeoPixel.h> 
#ifdef __AVR__ 
#include <avr/power.h> 
#endif 
 
#define PIN            5 
#define NUMPIXELS      1 
 
Adafruit_NeoPixel pixels = Adafruit_NeoPixel(NUMPIXELS, PIN, NEO_GRB + NEO_KHZ800); 
int delayval = 500;                     /* delay for half a second */ 
 
/* Pin setup */ 
void setup() { 
  /*pinMode(3, OUTPUT);                 /* LED */  
  pinMode(2, INPUT);                       /* On Button */ 
  pinMode(7, OUTPUT);                   /* MOSFET */ 
  pixels.begin();                                 /* This initializes the NeoPixel library */ 
} 
 
/* Main looping code */ 
void loop() { 
  bool chamberonoff; 
  chamberonoff = digitalRead(2); 
  indicator(1);                         /* Change LED for ready case */ 
  leds(chamberonoff); 
} 
 
/* chamber cycle */ 
void leds(int start) { 
  if(start == LOW){ 
    digitalWrite(7, HIGH);              /* Activate chamber */ 
    indicator(3);                       /* Changes LED color for ON */ 
    delay(10000);                        /* Chamber run time */ 
    digitalWrite(7, LOW);               /* Turn off chamber */ 
    cooldown(); 
  } 
} 
 
/* cooldown process below */ 
void cooldown(){ 
  bool chamberonoff;                    /* Declare button bool */ 
  indicator(2);                         /* Change LED for cooldown case */ 
 /* Recommended cooling fan code belongs here */ 
  delay(10000);  /* Chamber cooldown time */ 
  chamberonoff = digitalRead(2); 
  while(chamberonoff == LOW){  /* While the chamber on button is on */ 
    chamberonoff = digitalRead(2);  
    indicator(4);                         /* Change LED for case where button needs to be released */ 
  } 
} 
 
 
/* LED indicators */ 
void indicator(int color){ 
  if(color == 1){                       /* setting color to green */ 
      for(int i=0;i<NUMPIXELS;i++){ 
        pixels.setPixelColor(i, pixels.Color(0,255,0));  
        pixels.show();. 
    } 
  } 
  if(color == 2){                       /* setting color to yellow */ 
      for(int i=0;i<NUMPIXELS;i++){ 
        pixels.setPixelColor(i, pixels.Color(250,234,35));  
        pixels.show(); 
    } 
  } 
  if(color == 3){                       /* setting color to red */ 
      for(int i=0;i<NUMPIXELS;i++){ 
        pixels.setPixelColor(i, pixels.Color(255,0,0));  
        pixels.show();  
    } 
  } 
  if(color == 4){                       /* setting color to blue */ 
      for(int i=0;i<NUMPIXELS;i++){ 
        pixels.setPixelColor(i, pixels.Color(0,0,255));  
        pixels.show();  
    } 
  } 
} 
 
 
